Abstract The increasing use of pesticides for boosting the yield of agricultural crops also impart toxic residues which ultimately extend to numerous physiological disorders upon consumption. The present study was designed as an effort to assess the reduction potential of various chemical solutions and to minimize the pesticide residues in cauliflower (Brassica oleracea var. botrytis). The samples were soaked in various solutions along with tap water to mitigate pesticide residues. Afterwards, the extracted supernatant was passed through column containing anhydrous sodium sulfate trailed by activated carbon for clean-up. Eluents were first evaporated and then completely dried under gentle stream of Nitrogen. Finally, the residues were determined using gas chromatography equipped with electron capture detector (GC-ECD). Results revealed the highest reduction of endosulfan, bifenthrin and cypermethrin residues with acetic acid (10 %) was 1.133 ± 0.007 (41 %), 0.870 ± 0.022 (60 %) and 0.403 ± 0.003 (75 %), respectively among the tested solutions. However, simple tap water treatment also resulted in 0.990 ± 0.02 (12 %), 1.323 ± 0.015 (14 %) and 1.274 ± 0.002 (21 %) elimination of endosulfan, bifenthrin and cypermethrin residues, respectively. Moreover, among various solutions, acetic acid depicted maximum reduction potential followed by citric acid, hydrogen peroxide, sodium chloride and sodium carbonate solutions. The percent reduction by various solutions ranged from 12 to 41, 14 to 60 and 21 to 75 % for the elimination of endosulfan, bifenthrin and cypermethrin residues, respectively.
Introduction
Vegetables are edible portion of herbaceous plants and natural stashes of nutrients which contribute to nutritional security. They play a pivotal role in improving the human health by supplying minerals such as iron, calcium and magnesium, vitamins like A, B-complex and C, micronutrients, dietary fiber and antioxidants (Dalal et al. 2006; Supriya and Ram 2013) . Furthermore, the use of vegetables maintains the body pH by adjusting the concentration of alkaline solutions and highly valued for certain nutrients which efficiently help in building and repairing mechanisms of the body (Marwat 2009; Bangash et al. 2011) .
Cauliflower (Brassica oleracea var. botrytis) is a short duration annual vegetable crop which belongs to Brassicaceae family. It is an excellent source of vitamin C (ascorbic acid) and also provides omega-3 fatty acids, manganese, iron and fiber. Its consumption remarkably correlates in ameliorating the chances of colon, breast and prostate cancer in human due to the presence of indole-3-carbinol (Nachshon- Kedmi et al. 2003; Aggarwal and Ichikawa 2005; Lo-Scalzo et al. 2007 ). This vegetable is susceptible to attack of a number of devastating insect pests which reduce its production. Hence, the use of pesticides is inevitable for enhancement of crop production, fiber and forage. Pesticides comprise a variety of synthetic chemical substances used in agriculture to counter act the detrimental effects of insect pests attack on crops (Supriya and Ram 2013) .
Organochlorine pesticides are extensively used by farmers because of their cost effectiveness and broad spectrum activity. However, due to highly toxic and persistent in nature, their residues may cause food toxicity and environmental pollution . Endosulfan, an organochlorine was reported to be extremely toxic in suspected endocrine disrupters by US Environmental Protection Agency (Ahad et al. 2000; McKinlay et al. 2008; Rand et al. 2010) . Its excessive applications has led to accumulation in water and soil which in turn, play a havoc role in damaging the environmental conditions that ultimately affect the human health . Pyrethroids are another widely used class of insecticides with effective knock-down against a wide spectrum of insect pests. As these insecticides have a relatively shorter pre-harvest interval of 3-5 days, hence they are preferred choice to be used near harvesting of the crop. The characteristics like broad spectrum, relatively low application rates, less persistent nature and non-toxicity towards consumers have made the pyrethroids as environmentally safe and a suitable alternative to organochlorines (Sannino et al. 2003) .
The extensive and injudicious use of endosulfan, bifenthrin and cypermethrin pesticides on vegetables is causing problem of residual toxicity (Ahmed et al. 2011) . It has also been observed that pesticide residues cause chronic toxicity and many other ill health consequences upon consumption of chemically treated vegetables (Randhawa et al. 2014) . Worldwide and particularly in developing countries vegetables are found to have endosulfan and pyrethroids residues above maximum residual limits (MRLs) because of their highly persistent behavior in natural environment (Kumari et al. 2004; Bai et al. 2006) . In Pakistan, the situation of presence of pesticide residues in vegetable crops is more alarming as endosulfan, bifenthrin and cypermethrin residues have been reported in samples of brinjal, cauliflower, okra, spinach and arvi collected from different cities (Tahir et al. 2001; Randhawa et al. 2007 ). Resultantly, these residues cause harmful effects on human health, animals, birds and may initiate health disorders by disturbing metabolic activities (ElMorsi et al. 2012) .
Hence, there is a need to curtail the level of pesticide residues in food commodities generally and in vegetables particularly. Washing with different organic acid solutions was found an effective approach in minimizing the pesticide residues in vegetables (Randhawa et al. 2014; Abdullah et al. 2016) . Ahmed et al. (2011) and many other researchers have reported that pesticide residues can be mitigated by simple washing, hot water washing and blanching. Apart from these studies, limited data is available regarding the reduction potential of various acidic, neutral and alkaline solutions on lowering the level of pesticide residues in cauliflower. The current study has been designed to assess the influence of various soaking solutions i.e. acidic (acetic acid, citric acid and hydrogen peroxide), neutral (NaCl) and alkaline solutions (Na 2 CO 3 ) along with tap water in minimizing the residual level of endosulfan, bifenthrin and cypermethrin from cauliflower. Moreover, the concentration of residues retained in soaking solutions was also determined.
Materials and methods

Procurement of raw materials
Cauliflower was harvested after a waiting period of 36 h from the supervised field by foliar spraying the insecticides with Knap-sack sprayer in the absence of air and precipitation. The pesticides (dissolved in water) along with applied doses used in this study were: endosulfan (C 9 H 6-Cl 6 O 3 S, 35EC 8 mL L -1 ), bifenthrin (C 23 H 22 ClF 3 O 2 , 10EC 4.5 mL L -1 ), and cypermethrin (C 22 H 19 Cl 2 NO 3 , 10 EC 5.5 mL L -1 ). All the chemicals used in this study were purchased from Merck (Merck KGaA, Darmstadt, Germany). However, the pesticides standards were purchased from Dr. Ehrenstrofer GmbH (Augsburg, Germany).
Soaking of cauliflower in chemical solutions
The cauliflower samples were soaked in different acidic, neutral and alkaline solutions of different concentrations along with tap water for the comparison purpose ( Table 1 ). The samples were soaked in chemical solutions for 10 min at 30°C. Afterwards, the samples were chopped into small pieces (2 cm) on clean chopping boards with stainless steel knife and blended using household National blender (MJ176NR) to obtain homogeneous slurry.
Pesticide residues extraction
The pesticide residues from the samples were extracted following the method described earlier (Khan et al. 2009 ) with slight modifications. Briefly, homogenized slurry (50 g) was mixed with anhydrous sodium sulfate (20 g), sodium chloride (10 g) and ethyl acetate (70 mL) in 250 mL Erlenmeyer flask. Glass beads were also added in mixture to facilitate the extraction process. The mixture was shaken at 240 rpm for 1 h on a horizontal mechanical shaker. The resultant supernatant was allowed to stay for 30 min and collected in flask through filtration using Whatman filter paper.
Column clean-up of filtered extract
Pesticide residues analysis requires high sensitivity as these are present in traces. For this valid reason, column clean-up was carried out to remove interfering substances in extract to get precise measurement of residues. Therefore, extracts having pesticide residues were cleaned up using column chromatographic technique (Kumari 2008 ). Chromatographic columns supported by glass wool were used for clean-up. Florisil and charcoal were activated at 200°C for 24 h before filling of the column. Activated florisil and charcoal were mixed in 5:1 (w/w) ratio. A thin layer of anhydrous sodium sulphate was placed on glass wool. The activated mixture (9 g) of florisil and charcoal was placed on sodium sulphate layer. Activated mixture was covered with thin layer of anhydrous sodium sulphate and glass wool, respectively. Two washings were given to the prepared column containing adsorbents with acetone (HPLC grade) before using it for clean-up purpose.
After column preparation, the sample extract was loaded and extract was eluted using 50 mL of ethyl acetate and n-hexane mixture (3:7 v/v). Subsequently, 10 mL of acetone was used for washing of the column and eluted samples were received in 150 mL round bottom flask. Elute was then concentrated in rotary evaporator at 40°C till 1-1.5 mL. The concentrated elute was transferred to new 1.5 mL clean vials and placed under the gentle stream of Nitrogen until complete drying.
Extraction and determination of residues from dipping solutions
After applying the treatments, various dipping solutions were filtered using Whatman filter paper and analyzed by following the method (Asi 2003) . For this purpose, SEP-PAK C 18 cartridges were used for extraction and concentration of multi-residues of pesticides. The cartridges were conditioned with 5 mL of hexane, acetone, methanol and double distilled water in sequence, then collected filtered water was passed under pressure at 5 mL per min flow rate. After passing 200 mL of filtered water the cartridge was dried for 2 h at maximum pressure. The targeted compounds were eluted with 2 mL of acetonitrile, ethyl acetate and methanol. Eluted samples were transferred to vials and dried to 0.5-1 mL using gentle stream of Nitrogen.
Quantification of pesticides residues through gas chromatography
Cauliflower and dipping water samples were analyzed using gas chromatography (GC) equipped with electron capture detector (ECD). For the determination of organochlorine and pyrethroid residues, the re-dissolved samples were subjected to the GC-ECD analysis by following the guidelines (Kumari et al. 2002; Sannino et al. 2003) . The inlet temperature was 280°C, detector temperature was 300°C, the filtered prepared sample injection volume was 2 lL and Nitrogen gas was used as the carrier. The total flow rate was 60 mL per min, while the column flow rate was 2 mL per min.
Statistical analysis
The data obtained after three independent replicates were analyzed through completely randomized design using standard statistical procedures (Statistix 8.1). Moreover, Analysis of Variance (ANOVA) was performed to determine the level of significance while least significant difference (LSD) test was used to compare the means of treatments (Steel et al. 1997) . The percent residual reduction of pesticide residues was calculated as follows: the % residual reduction rate = (R 0 -R 1 /R 0 ) 9 100. Where R 0 = the amount of pesticide residues present in control sample, R 1 = the amount of residues present in samples after soaking treatments.
Results and discussion
Endosulfan residues retained in chemically washed cauliflower and dipping solutions
The residues of endosulfan detected in cauliflower samples ranges between 0.661 and 0.979 mg kg -1 which exceeded the level of maximum residual limits (MRLs) i.e. 0.05 mg kg -1 as established by the European Union, Council Directive. However, in control cauliflower samples the amount of endosulfan residues were 1.133 mg kg -1 (Table 2) . While, the residues retained in dipping solutions were in the range of 0.138-1.133 mg kg -1 and in tap water soaked samples was 0.473 mg kg -1 . Among the acid washing treatments, residues detected in dipping solutions were in the range of 0.199-1.133 mg kg -1 (Table 2) . Generally, by increasing the concentration of acids; the endosulfan residues retained in water increased significantly. Maximum residues were found in acetic acid (T 6 ) and minimum residues of endosulfan in hydrogen peroxide (T 12 (Tables 1, 2) .
Among the acid washing treatments, percentage reduction of endosulfan residues was in the range of 17-41 %. Acetic acid (10 %) showed the maximum percent reduction (41 %) while hydrogen peroxide (2 %) caused minimum reduction of endosulfan residues (17 %). In case of salt solutions, the percent reduction of residues was in the range of 15-29 %. Sodium chloride (10 %) revealed maximum reduction (29 %) and sodium carbonate (4 %) showed minimum reduction of 13 % (Table 2) .
There were significant differences in reduction potential of endosulfan residues among various washing solutions due to their different concentrations. Therefore, to ensure food safety during processing operations particularly washing solutions and cooking lead to high level of residues reduction (Kaushik et al. 2009 ). The results of present study are consistent with earlier findings on reduction of pesticide residues in vegetables by household processes like cooking, boiling and washing (Kumari 2008) . The results were further reinforced; a study reported 15-30 % dislodging of endosulfan residues through washing from winter and summer vegetables (Randhawa et al. 2007) . Results are further strengthened by the added support with studies who reported that chemical washing treatments and food processing significantly reduced pesticide residues from spinach and food crops (Ahmed et al. 2011; Abdullah et al. 2016 ).
Bifenthrin residues retained in chemically washed cauliflower and dipping solutions
Bifenthrin residues in soaked cauliflower samples ranged from 0.625 to 1.530 mg kg -1 , while in dipping solutions were from 0.197 to 0.870 mg kg -1 (Table 3 ). However, residue of Bifenthrin in tap water soaked cauliflower was 0.193 mg kg -1 . Amongst the acid dipping solutions, residues detected were in the range of 0.19-0.87 mg kg -1 . Acetic acid (10 %) revealed maximum while hydrogen peroxide (2 %) possessed minimum potential in residues reduction. In case of salt solutions, bifenthrin residues were in the range of 0.319-0.801 mg kg -1 (Table 3 ). The present study results established that tap water treatment caused 14 % bifenthrin residues reduction while washing cauliflower with different acetic acid concentration resulted 21, 35, 41, 49 (Tables 1, 3) .
The study drew up that by increasing chemical concentration in solutions; the reduction rate of residues also increases. Furthermore, soaking solutions showed capability to retain and extract residues which indicated their dissolution capacity, more solubility lead to higher recovery of residues present in samples under investigations. Acetic acid solutions were found most effective in diminishing the residues among the soaking solutions used. Conclusively, acetic acid solutions performed better than citric acid, neutral and alkaline solutions. However, sodium chloride working solutions removed more pesticide residues as compared to sodium carbonate solutions (Table 3) . Table 3 Bifenthrin residues present in treated cauliflower and dipping solutions (mg kg The prime mechanism involved in toxic residues dissipation was dissolution of pesticide residues from cauliflower samples in soaking solutions. Hence, reduction indicates dissolution capacity of working solutions while concentration of soaking solutions presented linear correlation in the dissolution of residues which ultimately enhanced the reduction rate of toxic residues (Kin and Huat 2010) .
Cypermethrin residues in chemically washed cauliflower and dipping solutions Cypermethrin residues in soaked cauliflower samples were ranged from 0.403 to 1.610 mg kg -1 , while in dipping solutions ranged from 0.432 to 1.204 mg kg -1 (Table 4 ). However, residue of cypermethrin present in tap water soaking solution was 0.334 mg kg -1 . Amongst the acid washing treatments, residues detected were in the range of 0.507-1.204 mg kg -1 . Maximum residues retained in T 6 (acetic acid 10 %) and T 12 (hydrogen peroxide 2 %) caused residues reduction in minimum amount. In case of salt solutions, cypermethrin residues were present in the range of 0.606-0.995 mg kg -1 . T 19 (sodium chloride 10 %) expressed maximum and T 20 (sodium carbonate 4 %) showed minimum reduction potential in elimination of residues (Tables 1, 4) . Cypermethrin residues in raw untreated cauliflower sample were 1.610 mg kg -1
. Amongst the acidic treatments, percent reduction of residues was 27-75 %. The maximum percent reduction of residues was observed for T 6 i.e. 75 % while T 12 showed minimum reduction (27 %). Among salt solutions, T 19 caused maximum reduction (62 %) while T 20 observed minimum reduction 38 % in treated samples (Tables 1, 4 ). Conclusively; among the treatments acetic acid showed maximum percent reduction potential of cypermethrin followed by citric acid, hydrogen peroxide, sodium chloride and sodium carbonate, respectively.
Generally, pyrthroids residues were present in higher levels than organochlorine in cauliflower samples. The data in Tables 2, 3 and 4 showed the percent rate of pesticides removal from contaminated cauliflower after soaking in acidic, neutral and alkaline solutions. The results indicated that soaking solutions have an efficient role in the elimination of toxic residues. The pyrethroids residues were more rapidly degraded than organochlorine. There was creeping increase in the reduction percentage due to the Table 4 Cypermethrin residues present in treated cauliflower and dipping solutions (mg kg increase in concentration of different washing reagents, being more efficient than tap water. In this study, soaking solutions showed capability to retain residues which indicated their dissolution capacity, more solubility lead to higher recovery of residues present in samples under investigations. Conclusively, present study results had inferred that tap water alone or in combination with different acidic, alkaline or neutral solutions was indispensable to mitigate toxic residues. Furthermore, study established momentous reduction of pesticide residues by increasing chemical concentrations in soaking solutions. Amongst all the soaking solutions, acetic acid solution 10 % was most effective in dislodging pesticide residues. The results of the study find added support with some earlier findings where water rinsing, household processing and chemical washing treatments efficiently reduced toxic residues from vegetables which includes asparagus, capsicum, tomato, okra, beans and eggplant (Chavarri et al. 2005; Randhawa et al. 2007; Kaushik et al. 2009 ). Moreover, a study on vegetables documented 20-89 % organophosphorous residues reduction through different chemical washings (Satpathy et al. 2011) . Similarly, rinsing practice efficiently removed endosulfan and permethrin insecticides residues from food crops under investigations (Krol et al. 2000) .
Conclusion
To diminish the risks associated with injudicious use of pesticides, soaking the cauliflower in various washing solutions such as acetic acid, citric acid and hydrogen peroxide could be an efficient strategy in minimizing the pesticide residues. However, dipping in the brine solution followed by tap water washing was more effective to mitigate residues as compared to the usual practice at home i.e. tap water washing. Among the selected pesticides, pyrthroids residues were eliminated more by acidic, neutral and alkaline solutions than that of organochlorine residues. Amongst the various soaking solutions, acidic solutions were more effective in the elimination of pesticide residues than alkaline and neutral solutions. In conclusion, acetic acid 10 % was the most effective solution that showed significant elimination of these toxic pesticide residues.
